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Abstract.—Ophraella slobodkini, new species, is described from the southeastern United
States. It shares the host association of Ambrosia artemisiifolia with O. communa LeSage, but
is a sibling species of O. notulata Fabricius. The three species can be statistically distinguished
using morphological characters, and reliably distinguished by electrophoretic mobility of several
enzymes.

Ophraella (Wilcox, 1965) 1s a North American genus of leaf beetles (Chrysomelidae:
Galerucinae, Galerucini), the species of which are specifically associated with various
Asteraceae (Compositae). Among the currently recognized species (LeSage, 1986,
Futuyma, 1990), one is associated with Iva frutescens (marsh elder) along the Atlantic
and Gulf coasts, and another is associated with Ambrosia artemisiifolia (common
ragweed) throughout much of North America. LeSage (1986) applied the name no-
tulata Fabricius to the Iva-associated species, which had hitherto been referred to
integra LeConte, and designated as Ophraella communa LeSage the Ambrosia-as-
sociated species, which prior to LeSage’s work had borne the epithet notulata. In the
course of a study of the evolution of host associations in Ophraella (Futuyma, 1990;
Futuyma and McCafferty, 1990), an undescribed species has come to light. Although
it shares the host association (Ambrosia artemisiifolia) of O. communa, it is a sibling
species of O. notulata, from which it is statistically distinguishable by a few mor-
phological features, and reliably distinguishable by the electrophoretic mobility of
several enzymes. In appreciation of my mentor and colleague, the ecologist Lawrence
B. Slobodkin, I gratefully designate it

Ophraella slobodkini, new species

Diagnosis. Morphologically, this species is indistinguishable from Ophraella no-
tulata (Fabricius) except by the following differences which characterize many but
not all specimens. The anterior margin of the labrum is slightly concave; in a minority
of specimens it is even or slightly convex, the usual condition in O. notulata. The
pronotum is anteriorly usually glabrous (extending to ca. 10% of the distance from
the margin), whereas it is usually fully setiferous in O. notulata. In some but not all
populations of O. slobodkini, crossbars of dark pigment often extend between the
subsutural and cubital (“‘supplementary’’ of LeSage, 1986) elytral vittae (rarely so in
O. notulata). Slight differences in shape between these species will be noted below.
The only known host of O. slobodkini is Ambrosia artemisiifolia, whereas O. notulata
is only known to feed on Iva frutescens and I. annua.
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Description of imago. Size: Linear measurements (mean and standard deviation,
in mm, measured with ocular micrometer; N = 35 pinned females and 36 males
from several locations as listed below): Total length (front of head to apex of elytra,
in dorsal view) of females 4.96 + 0.222, of males 4.35 £+ 0.231; length of elytra (base
of humerus to apex) of females 3.95 £+ 0.179, of males 3.45 = 0.152; width of
pronotum of females 1.59 + 0.058, of males 1.43 + 0.057; maximal width of left
elytron of females 1.35 = 0.068, of males 1.13 = 0.061.

Coloration: Ground color yellowish brown (testaceous). Dark brown to black co-
ronal mark, apices of antennomeres and leg segments, labrum (except base), and
venter (variably testaceous to piceous). Pronotum with a dark medial macula, a
lateral macula, and in some specimens a small macula lateral to the latter. Each
elytron with four dark brown to black vittae: lateral vitta extending from base of
humerus nearly to apex, joining the subsutural vitta; subsutural vitta extending fully
to base or becoming evanescent in basal quarter; discal vitta extending from base to
apex, usually approaching or joining the subsutural; cubital (supplementary) vitta
extending obliquely toward suture from base to apex, confluent with subsutural vitta
at about 70% of the distance from the base and forming a single vitta thereafter;
cubital and subsutural vittae frequently joined by dark crossbands at base and more
distally, these expanded in some specimens, leaving only small windows between
the almost fully confluent vittae. Some specimens with interruptions in discal, cubital,
and/or subsutural vittae, and with the discal vitta weak or evanescent basally and
apically.

Setation and punctation: Setae of head dense on vertex, sparser on frons and genae;
frontal tubercules glabrous, slightly punctate; pronotum dorsally with fairly dense
setae except near anterior margin, coarsely punctate, the punctures confluent pos-
teriorly; elytra densely and evenly invested with short, fine, recumbent setae and
bearing sparse erect setae, especially posteriorly along vittae; setae of epipleuron
sparser; elytral punctures dense, very small, separated by distances equal to or slightly
greater than their diameter, slightly larger basally, their pattern not altered in vicinity
of vittae.

Other structural features: Pronotum rather flat, explanate rather than arched,
broadest at or slightly behind middle, lateral margins evenly convex or almost straight
before the middle, anterior margin slightly concave, posterior margin sinuous, me-
dially concave. Posterior margin of scutellum convex. Setae of mouthparts (each
side): prementum 1; cardo 1-3 (mode = 1), apicolateral; maxillary palpifer 1 or 2
(mode = 1); labrum with 5 small lateral setae on anterior margin. Mandible lacking
visible setae or serrations on margin of teeth. Sternum VIII of female (LeSage, 1986)
shallowly emarginate at apex, with a broad stem between the lateral wings and the
laterally extended base; mean ratio of stem width to sternum length 0.79 (N = 4),
ratio of breadth across wings to length 1.15. Spermatheca narrow throughout, with
receptacle and pump hardly inflated; apex of spermathecal pump simple, lacking
appendage. Sternum VIII and spermatheca closely resembling condition in O. no-
tulata (LeSage, 1986, figs. 72, 78). Male genitalia indistinguishable from O. notulata
(LeSage, 1986, fig. 69); sexual dimorphism in visible terminal tergum and sternum,
and other characters generally, as in other members of the genus (LeSage, 1986).

Type material. Holotype, female: Florida, Leon Co., 30°39'30"N, 84°12'30"W, 6.5
km west of Iamonia, at Tall Timbers Research Station, elevation 45 m, Douglas J.
Futuyma, collector, 24 April 1989. Paratypes: Nineteen specimens with data as for
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the holotype. Holotype (C. U. type number 6505) and paratypes deposited in the
Cornell University Insect Collection, Ithaca, New York.

Other deposited material. (Unless otherwise noted, all were collected by the author,
with assistance from M. Keese.) Georgia, Thomas Co., Thomasville, 24 April 1989
(2 specimens); Florida, Escambia Co., Co. Rd. 293, ca. 19 km W of Pensacola, 22
May 1986 (1); Florida, Duval Co., Lawtey, 20 April 1989 (5); Florida, Flagler Co.,
Bunnell, 21 April 1989 (15); Florida, Broward Co., Merritt Island National Wildlife
Refuge, 21 April 1989 (20); Florida, Pasco Co., Slaughter (in Withlacoochee National
Forest), 22 April 1989 (20); Florida, Broward Co., Dania, 24 December 1988 (35),
13 December 1985 (3, coll. D. Furth). All specimens, including type series, collected
on Ambrosia artemisiifolia. Deposited as follows: Cornell University Insect Collection
(Thomasville, Ga., 2; Bunnell, Fla., 10; Slaughter, Fla., 5; Merritt Island NWR, Fla.,
10; Lawtey, Fla., 5; Escambia Co., Fla., 1; Dania, Fla., 10), American Museum of
Natural History, New York (Merritt Island NWR, 5; Dania, 5), U.S. National Mu-
seum, Washington (Slaughter, 5; Dania, 5), Florida State Collection of Arthropods,
Gainesville (Merritt Island NWR, 5; Slaughter, 5; Dania, 5), Museum of Comparative
Zoology, Harvard University (Bunnell, 5; Dania, 5), Canadian National Collection,
Ottawa (Slaughter, 5; Dania, 5). Some specimens are retained by the author at the
State University of New York at Stony Brook.

Morphological and electrophoretic distinctions among Ophraella slobodkini, O.
notulata, and O. communa. The larvae of O. slobodkini appear indistinguishable
from those of O. notulata and O. communa in all characters examined, including
mouthparts and setation. Larvae of O. notulata in the north (New York, New Jersey)
have broad, almost coalescent vittae, but in specimens from Florida, the vittae are
narrower and do not distinguish this species from O. slobodkini. The adults of O.
slobodkini and O. notulata are statistically distinguishable only by the characters
noted in the diagnosis and by shape, as noted below. Ophraella communa, which
also feeds on Ambrosia artemisiifolia, is distinguishable from O. slobodkini by its
pattern of elytral vittae (the cubital vitta is directed more abruptly toward the sub-
sutural vitta, and terminates in or near it about halfway from the base), by its broader
shape (see below), by its longer, more erect, and more variously oriented elytral setae,
by its larger elytral punctures, by the greater number of setae on the cardo (X = 5.5)
and maxillary palpifer (X = 2), and by the form of the spermatheca and sternum VIII
in the female (LeSage, 1986, figs. 101, 107).

Compared to Ophraella notulata, in O. slobodkini the pronotum and elytra are
slightly, although statistically significantly, broader relative to elytron length (Table
1), the hind tibia is relatively longer, and the pronotum is broader relative to the
width across the humeri. Ophraella slobodkini has relatively narrower elytra than O.
communa, which lies between O. slobodkini and O. notulata in the relation of pro-
notum breadth to elytron length and breadth across the humeri. The slope of most
of these relationships, which are nearly isometric within species, does not differ
significantly.

To correct for correlations among these several measurements, multivariate anal-
yses were performed (by D. Slice), using all variables in Table 1 except tibia length
(because of missing data). Data were entered separately for the sexes (sample sizes
for females and males, respectively, were 34, 36 O. slobodkini, 18, 21 O. notulata,
17, 22 O. communa). Each measurement was log.-transformed to achieve normal
distributions, and was divided by the arithmetic mean of the individual’s several
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log-transformed measurements. The latter procedure corrects for differences in size,
so that the standardized measurements describe shape. A multivariate analysis of
variance (not shown) on the standardized measurements indicated statistically sig-
nificant differences in shape between sexes and among species (the sex by species
interaction was not significant). The shape differences among species and sexes are
displayed in Figure 2, which presents the first two canonical variates from a canonical
discrimination analysis (using the CANDISC procedure of SAS), in which the within-
group variances were standardized to 1.0. The sexes (open vs. closed symbols) are
largely discriminated by canonical variate 2, whereas both variates, especially variate
1, discriminate the species. The shape of O. slobodkini is intermediate between that
of O. notulata and O. communa, although closer to and overlapping O. notulata.

Sibling species are frequently most definitively distinguished by enzyme electro-
phoresis (Menken, 1989). Several enzymes offer the most diagnostic differences be-
tween Ophraella slobodkini and O. notulata, and provide clear evidence that they
are distinct species (Table 2). These species are almost fixed for different alleles at
the faster of two isocitrate dehydrogenase loci (IDH?2), and the most common allele
of glucose phosphate isomerase (GPI) in O. slobodkini is absent in O. notulata. In
addition, allele frequencies differ strongly at the leucine aminopeptidase (LAP) locus.
These differences hold for syntopic samples of the two species taken from their
respective host plants at Merritt Island National Wildlife Refuge and in Dixie Co.,
Florida, and for samples taken 75 km apart in northern Florida (O. slobodkini at
Tall Timbers Research Station in Leon Co., O. notulata near Panacea in Wakulla
Co.). No specimens were electrophoretically misclassified with respect to host plant
of origin. Multilocus electrophoretic profiles revealed no evidence of hybridization.

Ophraella slobodkini is distinguished from O. communa not only by morphological
but also by electrophoretic characters. Allele frequencies differ strongly at the GPI.
IDH1 (slower of two loci), IDH2, anodal malate dehydrogenase (MDH 1), cathodal
aspartate aminotransferase (AAT2), and LAP loci (Table 2). In Table 2, allele fre-
quencies in a sample of O. slobodkini from Tall Timbers Research Station near
Iamonia, Fla., are compared with O. communa taken from the same fields, and from
two localities in Georgia, 29 km and 105 km, respectively, northeast of lamonia. In
these samples, completely diagnostic differences are evident at loci IDHI1, IDH2,
and MDH1. No evidence of hybridization was observed.

Discussion. At all the enzyme loci described above, electromorphs conform to
Hardy-Weinberg genotype frequencies within populations both of these and other
species of Ophraella (Futuyma, 1990; Futuyma and McCafferty, 1990), providing
evidence that they are genetic variants. The complete absence of heterozygotes for
diagnostic alleles at certain of these loci, even in syntopic or nearly syntopic samples
taken from Ambrosia and Iva, indicates that O. slobodkini and O. notulata are
reproductively isolated sibling species, between which there is little or no gene ex-
change. Studies in progress by M. C. Keese at Stony Brook indicate that in the
laboratory, mating is strongly assortative, and that both adults and hatchling larvae
strongly prefer their own host plant in choice tests. These are sister species, sharing
synapomorphic states of several morphological characters (the broad eighth sternum
of the female, narrow spermathecal receptacle, reduced number of setae on the cardo,
extension of the cubital vitta nearly to the apex of the elytron) and electrophoretic
characters (Futuyma and McCafferty, 1990). A cladistic analysis of Ophraella, based
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Fig. 1. Ophraella slobodkini, female, Slaughter, Withlacoochee National Forest, Pasco Co.,
Florida, 22 April 1989. Bar = | mm.
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Fig. 2. Canonical discrimination of Ophraella slobodkini (triangles), O. notulata (stars), and
O. communa (circles). Open and solid symbols represent individual females and males respec-
tively, and larger symbols represent joint means of the first two canonical variates, which
describe two dimensions of shape differences, to each of which several measurements contribute.
Axes are marked in unit standard deviations.
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on morphological and electrophoretic data, provided evidence that O. communa is
the sister group of O. slobodkini and O. notulata taken together (Futuyma and
McCafferty, 1990). Because both O. communa and O. slobodkini feed on Ambrosia
artemisiifolia, the most parsimonious interpretation of the evolution of host asso-
ciations in this group is that the association of O. notulata with Iva frutescens is
derived from an ancestral association with Ambrosia.

The known geographic distribution of O. slobodkini is much more restricted than
that of either O. notulata or O. communa. The major host of O. notulata, Iva
frutescens, is limited to salt marshes along the Gulf and Atlantic coasts; I have
collected this beetle north as far as Long Island, New York, and west as far as Cameron
Parish, Louisiana. My only noncoastal record is from Baton Rouge, La., where it
was taken on Iva annua. Other inland records of O. notulata (LeSage, 1986) may
represent O. notulata, associated with species of Iva other than I. frutescens, or they
may represent O. slobodkini; the latter is surely the case for LeSage’s records from
inland Florida. In peninsular Florida, I have found O. notulata on Iva frutescens
south to Merritt Island on the Atlantic coast and to Crystal River (Citrus Co.) on
the Gulf coast. Ophraella communa is distributed throughout North America from
southern Canada into Mexico, but there are no records from peninsular Florida
(LeSage, 1986).

Samples collected from Ambrosia artemisiifolia, and conforming to O. slobodkini
in morphology and allozymes, have been taken from both inland and coastal Florida,
from Everglades National Park and Dania in the south to Escambia Co. and Leon
Co. (Iamonia) in the north. Eight specimens from Sabine National Wildlife Refuge,
Cameron Parish, La., determined electrophoretically as O. slobodkini, represent the
westernmost record to date. Throughout peninsular Florida, all specimens taken on
Ambrosia artemisiifolia conform to O. slobodkini. This species was found mixed with
O. communa on Ambrosia only in northernmost Florida (O. slobodkini comprised
53 of 54 specimens in a collection 19 km west of Pensacola, and about half of a large
collection from Tall Timbers Research Station near lamonia) and in southernmost
Georgia (2 O. slobodkini and 101 O. communa were collected in Thomasville, 29
km northeast of Iamonia). A large collection at Tifton, Ga., 75 km northeast of
Thomasville, was composed entirely of O. communa, which is also the sole species
taken from Ambrosia in Athens, Ga., and Baton Rouge, La.

The abruptly complementary distributions of Ophraella slobodkini and O. com-
muna along the Florida/Georgia border raise the question of whether they are caused
by historical or currently acting ecological factors. Many taxa of plants and animals
reach their southern or northern range limit in northern Florida, which is also the
location of many subspecific boundaries and hybrid zones (Remington, 1968). It has
frequently been postulated (e.g., Neill, 1957; Blair, 1965; Remington, 1968) that
populations in peninsular Florida differentiated in the Pliocene, when a “Suwannee
Strait” may have isolated the region (Frey, 1965), or during the Pleistocene glacial
periods, when the biota retreated southward (Deevey, 1949; Auffenberg and Milstead,
1965). Especially during the interglacial periods, a dry corridor along the Gulf coast
may have enabled grassland species (including, perhaps, Ambrosia and associated
insects) to enter Florida from the west (Auffenberg and Milstead, 1965). The paly-
nological record of the late Pleistocene and Holocene indicates that Ambrosia and
prairie plants were abundant in the dry highlands of central Florida from at least
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44,000 years before present (B.P.) until the modern forest began to develop about
4,700 B.P. (Watts, 1980). Along the Florida/Georgia border, a sclerophyllous oak
scrub or savanna, probably interspersed with some bluegrass prairie, contained abun-
dant Ambrosia from 8,500 to 5,000 B.P., after which a wetter, closed, pine-dominated
forest developed, and Ambrosia became much less abundant (Watts, 1971, 1980).
In the southeastern coastal plain north of Florida, Ambrosia pollen is fairly abundant
from 29,000 to 9,500 B.P., after which it is much less common (Watts, 1980).
Ambrosia, possibly harboring populations of Ophraella, has therefore long been res-
ident throughout the region. Thus, although latitudinal shifts in vegetation during
the several glacial maxima may have provided opportunity for peninsular Floridian
populations to become differentiated, Ambrosia and associated insects may have
been fairly continuously distributed from peninsular Florida to the mainland through-
out the late Quaternary, except perhaps in the last several thousand years.

For many reasons, estimates of divergence time based on genetic distances between
species (Nei, 1987) are subject to considerable error (Futuyma and McCafferty, 1990).
Nevertheless, if we apply Ner’s (1987) suggested calibration, the genetic distance
between Ophraella slobodkini and O. notulata (Nei’s D ~ 0.21) implies divergence
about 1.1 million years ago, and that between O. slobodkini and O. communa (D ~
0.35) about 1.7 million years, i.e., in the early to mid-Pleistocene. There is no direct
evidence that O. slobodkini differentiated from O. communa in peninsular Florida;
butevenifit did so, there has been ample opportunity, given the historical distribution
of Ambrosia, for O. slobodkini and O. communa to penetrate each other’s range,
unless O. communa has spread very recently to eastern North America from the west
(its likely region of origin, because the closest relatives of the O. communa-0. slo-
bodkini-O. notulata clade have more western distributions: Futuyma and McCafferty,
1990). The considerable uniformity of allele frequencies among populations of O.
communa and of O. slobodkini implies substantial gene flow and vagility. They feed
on a plant that at least currently is abundantly distributed across the region of
replacement, and which, being an early-successional annual, is often only briefly
available in a given site, so that dispersal of the beetles is forced. It is likely that
human activities provided openings in which Ambrosia could thrive for many cen-
turies before the European settlement (Remington, 1968). Thus current ecological
factors are probably responsible for the sharply complementary distributions of these
species. Throughout its broad range, O. communa occupies its host plant in habitats
ranging from mesic to almost xeric; it does not appear highly sensitive to edaphic
conditions. This suggests that biological interactions might influence the distributions
of these species. In view of the common supposition that competition for resources
is rare in folivorous insects (Slobodkin et al., 1967; Schoener, 1983; Connell, 1983;
Price, 1983; Strong et al., 1984; but see Faeth, 1988), the possibility that these species’
distributions are caused by competitive exclusion is intriguing.
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